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Introduction
In addition to knowledge developed through courses in the engineering program, it is necessary to familiarize students with product design and the development process as it is one of the important competencies engineering students must develop throughout their educational and professional careers. The desired learning outcome of this course was to prepare students for their engineering education and professional occupations. Knowledge and experience developed during the first-year of engineering education may be crucial to success within engineering education and contribute towards retention of important information as well as an increase in graduation rates. A number of institutions have implemented experiential, problem-based and activity based learning into the curriculum to motivate students towards the successful completion of their degree. To develop knowledge about the product design and the development process, students in a first-year engineering course worked in teams with senior students in capstone design projects once a week for three hours each week throughout the semester. The control group had supplemental instruction and problem solving sessions during Friday class periods. The senior design course was a two-semester long course where students performed design and analysis during the first semester with manufacturing and testing during the second semester. The first year students shadowed both semesters. To assess the first-year students' perception and experience in this experiential learning process, a study was conducted. The experiential learning includes application of product design and development process by working in teams in the senior design project.
The survey was developed to assess four different hypotheses listed below: H1. There is no significant difference in importance of design experience between High School and University students. H2. There is no significant difference in satisfaction of design experience between High School and University students. H3. There is no significant difference in importance and satisfaction between male and female students of High School and University students.
Literature Review
Engineering design is a critical element of engineering education and a competency that students need to acquire 1 . Previous investigations have shown that students engaged in technological project learning achieve higher grades than those taught using traditional lab experimentation 2 . The students involved in these projects demonstrated a strong positive correlation between learning principles and their applications and achieved higher grades. In the capstone design course, students were required to design and develop a product from concept to production in order to experience the total product design and development cycle. By introducing product design and development processes to first-year students, they can become familiar with the activities and project management tools 3 . During the study, it was observed that a short presentation on the design process followed by a hands-on exercise is a meaningful technique to teach the fundamentals of engineering design. Student knowledge of, and confidence in, applying these concepts increased upon the completion of a simple design exercise as shown in the assessment study 4 . The majority of students viewed the design/team experience as the most beneficial part of the course. Although some teams experienced personality conflicts and others had to contend with different levels of team member performance, the students recognized that these encounters are consistent with a real world engineering work environment 5 .
To develop an understanding of the role of engineers in design, manufacturing, and society, it is necessary to introduce these concepts early in the engineering curriculum. The development of a culture of effective teamwork with communication skills is critical to the students' success in engineering education. To familiarize students with methods and concepts of the design process, creativity and conceptualization must also be introduced in the course curriculum 6 . For many years, students in the Freshman Engineering Honors program courses were offered challenging assignments and the opportunity to learn more than those in other courses, yet they did not always come away with the feeling that they had learned anything they could actually put to use in the workplace. This project, along with other group projects included in the Honors program courses, have an objective of instilling a sense of self-confidence in the students with the hope that they will use the materials in subsequent courses as well as in their employment later on. A major outcome of this project was that students did, in fact, have the expected level of confidence upon the completion of their project 7 . The main objectives of a multidisciplinary design project for an introduction to engineering course are to introduce students to the engineering design process and to develop skills such as teamwork and professional level report writing ability. Students are able to comprehend the utility of modeling and analysis in the design process before completion of any advanced mathematics to complete the project 8 . The goal of having students actively participate in a fairly realistic engineering experience that takes them through the design process in a team environment is an effective approach to initiating the first-year students into the field of engineering 9 . Being part of a project team offers students the opportunity to develop their teamwork skills. They developed the necessary knowledge and skills to be used in problem solving methodologies, and developed and evaluated alternate solutions; all of which are important skills in the practice of engineering 10 . Greater understanding of the experiences of the first-year engineering students entering engineering programs is critical to improving the first-year engineering experience and increase retention of capable and interested students 11 .
It is widely understood that design is a central part of many engineering activities, and, through design experience, students are expected to develop competency in problemsolving as well as critical and creative thinking 12 . Design is considered one of the central functions of the engineering practice; hence, it is desirable that students gain practice in developing effective design solutions under realistic conditions of incomplete data and potentially conflicting constraints 13 . To address the challenges of combatting attrition and building better graduates, an innovative first-year design experience course allows engineering students to develop technically and interpersonally 14 . Project-based learning is associated with increased student satisfaction, skill development, and long-term retention of material 15. "Design thinking is a key process that encourages iterative thinking for engineer students as they apply their discipline-specific knowledge to solving real engineering problems" 16 . Involving students in projects intended to focus on designing and physically implementing engineering systems is an endeavor to prepare students for their future work 17. Students involved in project-based-learning reported that these learning methods promoted their critical thinking and problem-solving skills and deepened their interaction with various individuals 18. "Students' academic success, and their engagement and interest in engineering can be enhanced by refinement of an integrated instructional design framework 19 ".
Research Methodology
A survey was conducted among two groups of students in an introductory engineering course in two academic years at University of Michigan-Flint. The experimental group consisted of 50 university freshmen who worked in teams with senior students in design projects. The control group consisted of 44 high school students who were dual-enrolled in the first-year engineering course and were not exposed to the product design and the development process. Both groups were asked to respond to a set of survey questions to provide feedback in terms of importance and satisfaction with the design experience and whether this experience has any influence on their motivation and academic success.
Questionnaire
The survey consisted of 50 questions and was divided into 5 categories labeled as engineering design experience, team work experience, peer learning experience, academic success, and motivation. There were five questions used in each category in order to collect responses. A seven-point Likert scale was used in terms of importance and satisfaction within each question. In addition to the survey, students from the experimental group were interviewed individually to solicit input regarding their design experiences.
Participants
A total number of 94 students participated out of 200 students in these courses. The response rate was 36.5% as some students choose not to participate in the study. Figure 1 shows the number of dual-enrolled high school students and the students from the university. The number of participants in both groups were similar, therefore reducing sample size bias. The distribution of male and female students were 82% and 18% respectively similar to the engineering student profile across the country. 
Data Analysis
Statistical analysis was performed using an independent sample t-test to determine the mean values of all five categories of survey questions using SPSS22 software 20 . The independent t-test was used to evaluate the three different hypotheses listed in the previous section. A t-test's statistical significance indicates whether or not the difference between two groups' averages most likely reflects a "real" difference in the population from which the groups were sampled.
Results and Discussion
Descriptive statistics for importance of design engineering are presented in Table-1 to evaluate hypothesis one. The mean values for university students were slightly higher than those of high school students in introduction to engineering design (5.61>5.44) and motivation (5.88>5.80) categories. The interval estimation gives an indication of how much uncertainty the mean has and estimates how the mean varies from sample to sample. The t-statistic is a ratio of the departure of an estimated parameter from its notional value and its standard error. An F-
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test is most often used in order to identify the model that best fits the population from which the data were collected. The mean difference is a standard statistic that measures the absolute difference between the mean values in two groups. The variance is a numerical value used to indicate how widely individuals in a group vary.
Independent t-test results presented in Table- 2 showed no significant difference between high school and university students although university students reported higher mean values in the two categories as described in the previous paragraph (5.61>5.74, 5.88>5.80). The independent t-test results showed agreement with the hypothesis as there was no significant differences observed in any of the five categories of the survey. Independent t-test results presented in Table- 4 showed no significant difference in satisfaction between these two groups (p>.05). The mean values of university students in an engineering design experience category was less than those of high school students: 5.14(university) <5.15(high school).
Descriptive statistics for male and female students in Table-5 showed higher values of satisfaction among male students than female students in two categories: Engineering Design Experience (5.17>5.02) and Academic Success (5.36>5.18). However, the mean importance of Academic Success was higher among female students. Male students reported a higher level of importance in Design Experience as it may improve their teamwork, peer learning and innovation skills. Table- 6 showed significant differences in satisfaction between male and female students in Team Work (p=.000<.05), (p=.004<.05) and Peer Learning Experience (p=.043<.05) even though there was no significant difference in importance reported by them. Due to significant differences observed between male and female students, hypothesis three can be rejected. Gap analysis was performed between importance and satisfaction levels to evaluate the level of satisfaction relative to importance. Larger gaps were observed in motivation and academic success categories for both high school and university students as presented in Figure 3 and 4. This can be interpreted as these groups' level of satisfaction relative to importance is lower in motivation and academic success categories.
Independent t-test results presented in

Figure-3: Gap between Satisfaction and Importance among High School Students
Figure-4: Gap between Satisfaction and Importance in University Students
Summary and Conclusion
A study was conducted to assess students' perception and experience by providing them experiential learning in the product design and the development process. Two different groups of students that enrolled in a first-year engineering course responded to a survey questionnaire that consisted of five different categories. The high school students were dual-enrolled in the first-year engineering course; whereas, the university students were the first-year students in the engineering program.
Independence t-test results showed no significant difference in importance and satisfaction of male and female students between High School and University students. Larger gaps in motivation and academic success were observed among both groups. The gap was measured as the difference between satisfaction and importance to each question. Some of these differences may be due to different level of maturity between high school and college students as the age and learning environments were also different.
To further evaluate the responses from students beyond the survey questions, students from one of the first-year engineering courses were interviewed individually. A summary of responses is included in Appendix-2. Most of the students reported a higher level of motivation and that the experience was important to them. However, they were not totally satisfied due to their limited involvement in the project activities. This is due to the fact that, in general, senior students did not feel that the first-year students can have meaningful contribution to the project tasks and assignments. In addition, the first-year students expected more hands-on experience than was allowed in assisting senior students in their projects. The overall experience was positive as the experiential learning opportunity motivated them towards an engineering education and profession that may result in higher grades in their subsequent engineering courses. Based on the positive feedback received from students in this course, design projects will be integrated into other engineering courses. 
Appendix-2
Summary of Student Responses to Interview Questions 1) Academic standing: 6 freshmen, 7 sophomore and 8 junior students.
2) Previous engineering design experience: 8 students had experiences in robotics project, bridge simulation, furniture, game table, gear, pinball machine, cellular phone and home building design. 3) Design methodologies used: one student used workplace design standard and other students used computer aided design. 4) Similarity and difference of the first-year design experience with previous experience: Two students stated similarity in the areas of hands-on activity and design objectives. Six students stated different experience as they had freedom to choose projects, need to develop plan, level of complexity, and limited experience in previous project. 5) Influence of design experience on engineering education. Twenty students stated strong positive influence as they had exposure to engineering terminology, process, and engineering career. 6) Motivation towards engineering profession: sixteen students stated their strong motivation about engineering profession after seeing hands-on activities involved and what students are capable of doing. 7) Impact of experience in capstone design project on academic success:
Eighteen students expressed strong impact of design experience on academic success. Students get familiar with what is coming and they get prepared well. 8) Nineteen students stated that it was helpful to include design experience in EGR 102. 9) Motivation of engineering design towards undergraduate research: Sixteen students stated strong motivation towards undergraduate research. 10) Students' comments on how to provide engineering design experience to the firstyear engineering students: Seventeen students shared their ideas of what can be included in providing design experience to the first-year students. This includes more involvement of students in design project, more hands-on experience, getting oriented to background knowledge, covering more content, setting a defined level of expectations, being able to see the finished products, assigning specific tasks to individual students etc.
